To determine the effect of long-term treatment with an angiotensin-converting enzyme (ACE)
MORPHOLOGICAL CHANGES IN JUXTAGLOMERULAR CELLS BY LONG-TERM TREATMENT WITH AN ANGIOTENSIN-CONVERTING ENZYME INHIBITOR IN BEIGE RATS (CHEDIAK-HIGASHI SYNDROME)
Kiyokazu Ozaki1, Tetsu Nishikawa2, Masahiko Nishimura2, and Isao Narama1 The purpose of the present study is to examine the effect long-term treatment with an ACE inhibitor (trandolapril) on morphological changes in JG cells, and to determine the influence of PAG II in renin synthesis and secretion by using beige rats.
Methods

Animals
Beige rats originated from a mutant male among DA rats from the Australian National Institute of Genetics as an inbred strain.
Since the time this rat was obtained at the Institute of Experimental Ani mals, Hamamatsu University School of Medicine, the mutant line has been maintained by brother and sister mating under conventional conditions. The rats in the present study were housed in an air-conditioned animal room where they were fed the standard labora tory diet and supplied water ad libitum. Fifteen male beige rats 2 months of age were used in this study.
Experimental protocol
Trandolapril (a gift from Nippon Roussel Co., Ltd.), one of a group of potent and long-acting ACE inhibitor from Roussel-Uclaf, was administrated by gavage for 28 days as a suspension in 0.5% methyl cellulose and at a dose volume of 5ml/kg. Rats were divided into 3 grups in terms of dosage: 6 controls (no dose), 6 rats given 100mg/kg, and another 3 given 200mg/kg.
Measurement of systolic blood pressure
Before and following the administration period, individual rats were restrained in a chamber. The systolic blood pressure of conscious animals was taken by the tail-cuff method. Three blood pressure readings were performed for each rat.
Measurement of PRA and PAG II
Rats were anesthetized with ether, and blood from the abdominal aorta was collected in tubes containing EDTA2Na.
The blood was contrifuged, and PRA and PAG II were assayed using a radio immunoassay.
Histopathology
Rats were anesthetized with ether and underwent vascular perfusion for 5 min with physiologic saline containing heparin. The saline wash was followed by 60 min of perfusion fixation with 2% glutaralde hyde buffered with 0.1 M phosphate buffer (pH 7.4). The kidneys were fixed in 10% phosphate buffered formalin (pH 7.4), dehydrated in a graded series of 
Electron microscopy
Tissue fragments from the kidneys were fixed in 2% glutaraldehyde solution (pH 7.4) overnight, post fixed in 1% osmium tetroxide solution (pH 7.4) for 2 hours, dehydrated in graded-series of ethanols, and embedded in epoxy resin. Semi-thin sections were stained with toluidine blue. Ultra-thin sections were stained with uranyl acetate and lead citrate and examined by electron microscope (JEM 1200EX, JEOL). Systolic blood pressure, plasma ruin activity, and angiotesin II After the 4-weeks treatment, the systolic blood pressure and PRA of both trandolapril-treated groups were significantly lower than those of the control group (Tables 1 and 2) . The PAG II level of the 100mg/kg treated group also fell, but the difference was statistically insignificant (Table 2) .
Histopathology
The JG apparatus of control beige rats consisted of some JG cells containing smaller number of hetero geneously-sized granules, some of which were of abnormal size, far larger than those in normal rats (Fig. la) . JG apparatus of trandolapril-treated groups showed an increased number of hypertrophic JG cells (Fig. lb) in which the JG granules were much smaller and more numerous. The number of Bowie-stained JG apparatus per 200 glomeruli of trandolapril-treated groups also increased compared to that of control animals (Table 3 ). Other histo pathological changes included regeneration of renal tubules, thickening of the basement membrane of renal tubules, and lymphocytic infiltration in inter Electron microscopy JG granules of control rats were less numerous, large and irregularly-shaped (Fig. 2a) . Occasionally, two or more giant granules appeared to be fusing . These granules contained smooth material with moderate electron density. Small protogranules with JG apparatus of trandolapril-treated groups showed hypertrophic and hyperplastic changes in JG cells at the ultrastructural level. Hypertrophic JG cells contained increased numbers of JG granules of varying morphology and well-developed organelles (Fig. 2b) . Among the granule rich JG cells, a small number of hypogranular cells were also seen (Fig. 2b) . Most JG granules in the majority of JG cells de creased in size except for a small number of giant granules (Figs. 3 and 4) . Almost all granules contained smooth materials with moderate electron density, but some granules had granular matrix with moderate to high electron density and myelin figure   (Fig. 5) . These granules resembled autophagic vacuoles. Well-developed rough endoplasmic reticulum and golgi apparatus were detected in hypo granular cells. Cisternae of rough endoplasmic reticulum were dilated and filled with moderately electron dense materials.
There was an accumula tion of tubules emerging from rough endoplasmic reticulum. These contained high electron dense materials which were thought to be protogranular matrix (Fig. 6) .
By morphometrical analysis, the average number of JG granules of trandrapril-treated groups were significantly greater than in the control ( Table 4 ). The average area of a JG granule of trandrapril treated groups was significantly smaller than in the control ( Various reports have show the PAG II level to be increasing7, 8, unchanged9 , and decreasing20 by chronic ACE inhibition. AG II is produced by ACE or an alternate pathway22. Increased or un changed PAG II were explained by the activation of the alternate pathway of AG II7-9. However, PAG II in this study did not reach significance and was 
